Matching dental ceramic translucency is the optimal esthetic goal in restorative dentistry. Several types of ceramics evolved over the years in an attempt to optimize physical mechanical and optical properties of the previous types. OBJECTIVES: The aim of this study is to compare and analyze light transmission, light reflection and light absorption of high translucency zirconia reinforced lithium silicate ceramic, low translucency zirconia reinforced lithium silicate ceramic, high translucency lithium disilicate glass-ceramic and low translucency lithium disilicate glass-ceramic. MATERIALS AND METHODS: Serial cutting of the E.max cad and Vita suprinity blocks was done using isomet 4000 micro-saw microtome. Ten ceramic specimens were obtained for each material, 5 of which were 1.5 mm thick and the other 5 were 1 mm thick to be veneered by 0.5 mm of the corresponding veneering material according to manufacturer's instruction. Spectrophotometric analysis was carried out for the forty ceramic specimens. RESULTS: Light transmission for the four groups of zirconia reinforced lithium silicate was significantly higher than their corresponding groups of lithium disilicate (p<0.005). Light reflection and light absorption for the four groups of zirconia reinforced lithium silicate was significantly lower than their corresponding groups of lithium disilicate (p<0.005). Veneering increased light transmission and light reflection however it decreased light absorption for both materials significantly. CONCLUSIONS: Translucency of zirconia reinforced lithium silicate is better than lithium disilicate. Veneering improved optical properties for both zirconia reinforced lithium silicate and lithium disilicate. KEYWORDS: Spectrophotometer, translucency, zirconia reinforced lithium silicate, lithium disilicate. -------------------------------------------------------------- 
INTRODUCTION
Esthetic is the sense of perception, judgment and taste concerning beauty. It is one of the primary factors for the patients to seek for the dental care. Knowledge of esthetic principles helps the dentist to achieve a successful prosthodontics restoration which provides in addition to an excellent long-term function a beautiful smile (1) .
Generally, the microstructure of advanced ceramics has many features. Three critical components of ceramic microstructure are phase boundaries, grains, and pores. Examples of phase boundaries in dense ceramics are interfaces among crystalline grains and between crystalline grain and a glassy phase (2) .
Dental ceramics also have varying degrees of translucency. The translucency of porcelain is dependent on how light scatters, absorbs, reflects and transmits through the ceramic material. This is dependent on the crystal number inside the core matrix, the particle size of the crystals and their chemical composition as compared to the incident light wave length (3) .
Glass-based systems with crystalline second phase porcelain presented excellent esthetics combined with good resistance, owing to incorporation of several crystalline materials in the glassy matrix (4) . E.max cad a lithium disilicate based ceramic was developed for cad cam restorations due to its preferable machining properties (5, 6) .
A new group of machinable ceramics has recently been introduced for CAD/CAM techniques, zirconia-reinforced lithium silicate (ZLS) ceramics with 8-10% by weight zirconium oxide incorporated in lithium disilicate matrix providing superior mechanical and optical properties (7) .
Researchers have used reflectance spectrophotometery to evaluate light transmission, light reflection and light absorption (8) .
MATERIALS AND METHODS
Serial cutting of the E.max cad (Ivoclar Vivadent AG, Schaan / Liechtenstein) and the Vita Suprinity blocks (VITA Zahnfabrik H. Rauter GmbH & Co.KG Postfach 1338.D-79704 Bad Säckingen. Germany) was done using isomet 4000 micro-saw microtome (Isomet 4000 micro-saw Buehler USA) with 0.5 mm thickness diamond disc. Ten ceramic specimens were obtained for each material and were divided into 8 groups according to the construction technique into: Group Ia: Ht zirconia reinforced lithium silicate veneered with low fusing fine-structure feldspar ceramic. Group Ib: Ht zirconia reinforced lithium silicate with crystallizationand glaze firing. Group IIa: Lt zirconia reinforced lithium silicate veneered with low fusing fine-structure feldspar ceramic. Group IIb: Lt zirconia reinforced lithium silicate with crystallization and glaze firing.
Group IIIa: Ht lithium disilicate glass veneered with IPS e.maxceram. Group IIIb: Ht lithium disilicate glass with crystallization and glaze firing. Group IVa: Lt lithium disilicate glass veneered with IPS e.maxceram. Group IVb: Lt lithium disilicate glass with crystallization and glaze firing.
Preparation of study specimens
For (Group Ia) and (Group IIa) the ceramic thickness was 1mm and crystallization in ivoclar vivadent P300 furnace was performed following recommended parameters of the manufacturer, then 0.5 mm of VITA VM 11 material (VITA Zahnfabrik H. Rauter GmbH &Co.KGPostfach 1338.D-79704 Bad Säckingen. Germany) was added and firing following the manufacturer's instructions was performed. Finally glazing with vita akzent plus glaze spray (VITA Zahnfabrik H. Rauter GmbH &Co.KGPostfach 1338.D-79704 Bad Säckingen. Germany) was performed following recommended parameters of the manufacturer.
For (Group Ib) and (Group IIb) the ceramic thickness will be 1.5 mm. Crystallization followed by glazing with vita akzent plusglaze spray will be will be performed following recommended parameters of the manufacturer.
For (Group IIIa) and (Group IVa) the ceramic thickness was 1mm and crystallization in ivoclar vivadent P310 furnace was performed following recommended parameters of the manufacturer. Then 0.5 mm of IPS e.max ceram material (IvoclarVivadent AG, Schaan / Liechtenstein) was added and firing following the manufacturer's instructions was performed. Finally glazing with IPS e.max glaze paste (IvoclarVivadent AG, Schaan / Liechtenstein) was performed following recommended parameters of the manufacturer.
For (Group IIIb) and (Group IVb) the ceramic thickness will 1.5 mm. Crystallization, followed by glazing with IPS e.max glaze paste material will be done according the manufacture recommendation.
Preparation of composite specimens
A plastic mold with a hole, 10mm width, 15mm length and 1.5mm thickness, was constructed to form the composite specimens. The mold was filled with A2 composite resin material (Cavex Holland BV P.O. Box 852 2003 RW Haarlem the Netherlands), covered with glass slab to ensure flat surface and cured. The process was repeated to create 40 composite specimens. Finishing of composite specimens was done using soflex discs and finishing cups.
Cementation
Ceramic specimens were etched using 9.5% hydrofluoric acid for 10 seconds then surface was rinsed with water and dried then silane coupling agent was applied and dried with light air for another 10 seconds. Self-etch self-adhesive composite resin cement (Cavex Holland BV P.O. Box 852 2003 RW Haarlem the Netherlands) was then applied on the ceramic specimen and fitted to its corresponding composite specimen. Static load device (Designed by Dr. Amir Azer, Fixed prosthodontic departement, Alexandria university) was used to ensure uniform cement thickness, excess cement was removed using scalpel then light curing of cement and final finishing with soflex discs were done.
Testing the study specimens
The spectrophotometric analysis of the specimens was done using a reflectance spectrophotometer (UV.Shimadzy 3101 PC-Spectrophotometer. Japan) with specimens placed against black background. Light transmission and light reflection were measured using the spectrophotometer, whereas light absorption was calculated according to the following equation: A= -log T (9)
Statistical analysis of the data (10)
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (Armonk, NY: IBM Corp) (11) . The Kolmogorov-Smirnov test was used to verify the normality of distribution Quantitative data were described using range (minimum and maximum), mean, standard deviation and median. Significance of the obtained results was judged at the 5% level (P≤0.05).
The used test was: Mann Whitney test For abnormally distributed quantitative variables, to compare between two studied groups.
RESULTS

Evaluation of light transmission, light reflection and light
absorption of the forty cad-cam zirconia reinforced lithium silicate specimens and their corresponding lithium disilicate glass ceramic specimens using spectrophotometer.
Light transmission
The mean value of light transmission for Group Ia was (11.12 ± 5.02), while the mean value of light transmission for Group IIIa was (9.15 ± 4.91), the difference was significant.The mean value of light transmission for Group Ib was (10.11 ± 4.65), while the mean value of light transmission for Group IIIb was(8.09 ± 5.20), the difference was significant.The mean value of light transmission of Group IIa (9.21 ± 4.28)was significantly higher when compared to that of Group IVa (7.14 ± 4.58). Results of Mann Whitney test indicated that the mean value of light transmission for Group IIb (8.68 ± 4.40), was significantly higher than the mean value of light transmission for Group IVb (6.05 ± 4.35). Veneering increased light transmission for all groups significantly. (Table 1 ) ( Figure 1 ) 
Figure (1): Comparison between the eight groups regarding light transmission
Light reflection
The Mann Whitney test showed significant higher light reflection for Group IIIa (35.40 ± 5.91), when compared to Group Ia (28.56 ± 8.41). The mean value of light reflection of Group IIIb (28.85 ± 8.74), was significantly higher than Group Ib (25.79 ± 6.91). Also, the mean value of light reflection for Group IVa was (43.75 ± 8.0), while the mean value of light reflection for Group IIa was (32.53 ± 9.16), the difference was significant. According to results obtained by Mann Whitney test, the mean value of light reflection for Group IVb (38.87 ± 13.50) was significantly higher than that of Group IIa (29.51 ± 8.62). Veneering increased light reflection for all groups significantly. (Table 2 
Light absorption
The Mann Whitney test showed significantly lower difference when the mean light absorption of Group Ia (-0.95 ± 0.38) was compared to that of Group IIIa (-0.81 ± 0.50). Results showed that the mean light absorption value for Group Ib (-0.90 ± 0.39) was significantly lower than Group IIIb (-0.62 ± 0.75). Moreover, Significant difference was found between mean value of light absorption of Group IIa (-0.89 ± 0.27) which was lower than Group IVa (-0.61 ± 0.64). The mean light absorption value of Group IIb (-0.81 ± 0.45) was significantly lower than that of Group IVb (-0.43 ± 0.82). Veneering decreased light absorption for all groups significantly. (Table 3 ) ( Figure 3 ) 
Figure (3): Comparison between the eight groups regarding light absorption
DISCUSSION
Translucency is the relative amount of light transmission or diffuse reflectance from a substrate surface (12) . For translucent materials most of the incident light is transmitted and some is absorbed, whereas less translucent materials tend to reflect and absorb light falling on it (13) . Ceramic translucency can be affected by many factors including thickness, micro structure, number of firing cycles, type and thickness of underlying cement (14) (15) (16) .
In the present study thickness of all A2 ceramic specimens was fixed at 1.5mm. Ceramic specimens were cemented to A2composite resin specimens using cavex composite resin cement and static load device was used to confirm uniform cement thickness in all specimens. Reflectance spectrophotometer has been reliable method in evaluating light transmission, light reflection and light absorption of CAD-CAM Zirconia reinforced lithium silicate and lithium disilicate glass ceramics.
All these variables were fixed in all study specimens so that the composition of the testing materials would be the only contributing factor in the study results.
Regarding the light transmission it was found that Group I (Ht ZLS) had higher mean value of light transmission than Group III (Ht lithium disilicate), also GroupII (Lt ZLS) reported higher mean value of light transmission than Group IV (Lt lithium disilicate). This might be due to the enhancement of the ZrO2 particles to the crystallization kinetics of the crystal phases; during crystallization process ZrO2 particles act as active centre of nucleation resulting in a more homogenous crystalline structure with finer grain size (0.5μm) of vita suprinity when compared to that of lithium disilicate with coarser needle-shaped crystals and average grain size of (1.5 μm).
This was in accordance with the results obtained by Bahgat , et al (17) who investigated the effect of addition of zirconia to lithium disilicate ceramics on translucency and bonding ability to resin cements using two adhesive strategies. For translucency measurements (ΔE) was measured using a spectrophotometer, and concluded that under the test conditions, zirconia-reinforced lithium disilicate ceramic demonstrated better translucency and shear bond strength than lithium disilicate glass ceramic.
Regarding the effect of ZrO2 on crystallization process and subsequently on properties of lithium disilicate, the results of this study are in agreement with that obtained by Apel et al (18) who used differential scanning colorimetry, X-ray diffractometry and scanning electron microscopy in order to obtain significant results. He found that after first crystallization phase lithium metasilicate was present as the main phase in all the glasses with its highest content at ZrO2 free glass, and as ZrO2 content increases lithium metasilicate content decreases. After the second crystallization step, all the samples contained lithium disilicate as the main crystal phase and had same inversely proportional ratio with ZrO2 content. He concluded that addition of ZrO2 resulted in much smaller finer crystals and thus resulting in more translucent glass ceramic with better optical properties.
Moreover, Sen and Us (19) concluded that zirconia reinforced lithium disilicate revealed the highest mean translucency and biaxial flexural strength compared with the other tested materials and that optical and mechanical properties seem to be affected by the chemical composition and structural differences of the materials. The authors stated that particles with diameters smaller than the wavelength of visible light cause less scattering of light and increased light transmission, thereby improving translucency. This was in the light of the report that chemical composition, grain size, crystalline structure, pores, and additives affect the translucency of dental ceramics (20) (21) (22) .
Since contrast ratio is the ratio of reflectance of material and determinant of opacity, similarly reflection is a determinant of opacity. Therefore, reflection can be described in terms of contrast ratio (23, 24) .
Multiple studies which evaluated Optical properties of cadcam ceramic systems using translucency parameter and contrast ratio concluded that there is a strong correlation between both parameters; as translucency parameter increases, contrast ratio decreases (25) (26) (27) .
The results of this study showed that the mean value of light reflection of Group I (Ht ZLS) was lower than the mean value of light reflection of Group III (Ht lithium disilicate). Group II (Lt ZLS) also reported lower mean value of light reflection than Group IV (Lt lithium disilicate), this is in accordance with the results of, Apel et al (18) who studied the effect of addition of ZrO2 on the optical properties of lithium disilicate glass ceramic, and concluded that contrast ratio decreases with increase in the ZrO2 content. Therefore, reflection decreases by increasing ZrO2 content, improving translucency and optical properties of zirconia reinforced lithium silicate glass ceramic as compared to lithium disilicate glass ceramic.
Bahgat, et al (17) and Sen and Olcer (19) also concluded that translucency parameter of ZLS was higher than that of lithium disilicate glass ceramic, consequently contrast ratio and mean value of light reflection of ZLS was lower than that of lithium disilicate glass ceramic, these outcomes are in agreement with results of this study.
Good translucency requires a material with low mean value of light absorption and low scattering of the incident light. This can be obtained by satisfying either of two criteria. The first criterion is satisfied when all the crystalline phases and the residual glass have closely matched indexes of refraction. The second criterion for low scattering is satisfied in the case where the crystal size is much smaller than the wavelength of light (28) . The results of the present study can be explained by the satisfaction of the second criterion; the greater mean value of light absorption of lithium disilicate as compared to zirconia reinforced lithium silicate may be due to the smaller particle size of ZLS than lithium disilicate as compared to incident light (20) . Dias, et al (29) who measured light irradiance and performed spectrophotometric analysis on hot pressed and hot pressed veneered glass ceramics, stated that the amount of light being absorbed, reflected and transmitted depends mainly on the amount of crystals within the glassy matrixand the size of the particles compared with the incident light wavelength (30, 31) . This may explain results of this study.
However, Heffernan, et al (32) stated that difference between refractive index of crystals and refractive index of glassy matrix they are embedded in affected light scattering the most; the greater the mismatch in refractive indexes the greater the light absorption and scattering. Refractive index of lithium disilicate, zirconium oxide and glassy matrix are 1.55, 2.20 and 1.50 respectively (28, 33) . This was in contrary with the results of this study where ZLS showed significantly lower mean value of light absorption, the difference may be due to that zirconium oxide content in In ceram Zirconia is approximately 85% by volume (34) . Whereas, that for zirconia reinforced lithium silicate is 8-10% by volume, moreover the finer crystalline structure of ZLS compared to other zirconia containing ceramics provides it with finer optical properties.
Regarding the effect of veneering on optical properties, results of the present study showed significant increase in mean value of light transmission for both lithium disilicate and zirconia reinforced lithium silicate. This may be due to the composition of the veneering material; for lithium disilicate e.max ceram is a nanoflurapatite glass ceramic which has similar optical properties to that of enamel and thus improve optical properties of the material (35, 36) .
Kelly JR, et al, 2008 (37) who stated that dental ceramics that best mimic optical properties of enamel and dentin are those of amorphous structure and high glass content; those known as feldspathic ceramics.This may explain why Vita Vm11 which is a low fusing fine structure feldspar ceramic with no fillers in its matrix caused significant increase in the mean value of light transmission of ZLS (38) .
Heffernan (32) in 2002 studied the effect of veneering and glazing on six all ceramic materials concluded that veneering increased the opacity of all ceramic core materials and referred this to the increase in specimen thickness, reflectance at the interface between core and veneering porcelain, porosity between the layers, and any changes in the constituent core material with additional firing cycles. This may explain the significant increase in the mean value of light reflection as a result of veneering for both lithium disilicate and zirconia reinforced lithium silicate.
Results of this study were also in accordance with results obtained by Dias, et al (29) who concluded that one of the main factors affecting optical properties of veneered materials are the pores trapped between the veneer layer and the ceramic layer were the difference in the refractive index of the pore (1.00) and that of the glassy matrix may lead to significant light scattering effect. Furthermore, he noted increase in reflectance at the core veneering interface.
Smaller finer particles of the veneering material compared to the core ceramic material results in a more glossy glazed surface, which subsequently result in greater surface reflection, this may also explain the significant increase in mean value of light reflection after veneering of both test materials in the present study (39).
When comparing mean value of light absorption, results of this study showed significant decrease in light absorption in veneered specimens compared to those of non-veneered specimens. For ZLS removing 0.5 mm of the zirconia reinforced lithium silicate, in order to retain total thickness of specimen, and replacing it with feldspathic Vita Vm11 seemed to improve optical properties by reducing light scattering and light absorption. This can be explained by the fact that feldspathic glass has the most superior optical and esthetic properties compared to all other ceramic groups (40,41). Similarly, the nano-flurapatite e. max ceram having optical properties similar to that of enamel tends to enhance the optical properties of veneered lithium disilicate specimens (35, 36) .
Moreover, Da Cunha, et al (42) who studied a case of cliedocranial dysplasia and aimed for the best treatment protocol concluded that using lithium silicate glass ceramic as core material and topping it with Vita Vm11 improved esthetics significantly, this was in accordance with results of the present study.
CONCLUSION
Based on the results of the present study the following conclusions can be drawn: 1-Translucency of zirconia reinforced lithium silicate is better than lithium disilicate. 2-Veneering improved optical properties for both zirconia reinforced lithium silicate and lithium disilicate glass ceramics.
